Introduction 12
There have been several fractal-based methods proposed for the analysis of 13 complexity in images, including the analysis of image textures [1, 2, 3, 4, 5, 6, 7] . 14 procedure to detect and relate such properties. Moreover, real world objects 23 commonly have some degrees of intrinsic self-similarity and therefore they might 24 be more suitably represented as approximations to fractal objects rather than to 25 regular Euclidean ones. Some of the successful fractal-based approaches tested 26 in this field include "multiscale fractal dimension" [15] , multifractals [16] and 27 "fractal descriptors" [17] . Particularly, the latter has demonstrated to be highly 28 efficient for the discrimination of general textures [18, 19, 20, 13, 14, 21] . 29 Here, we propose an alternative way of extracting texture descriptors based 
where M( ) is a self-similarity measure which grows with the scale following 136 a power law. 137 Despite mathematical fractals being ideal constructs, many seemingly self-138 similar and complex objects are easily found in the real world. In this context, 139 there is vast literature on modelling real-world problems through fractal geom- 
148
The grey-level image is considered as a cloud of points in the three-dimensional 149 Euclidean space, such that a pixel in the coordinate (x, y) and with intensity z 150 is mapped onto a point with coordinates (x, y, z). Then, each point in the cloud 151 is morphologically dilated by spheres with radius r and the volume V (r) of the 152 dilated cloud is computed. The dimension is given by:
where α is the slope of the linear regression of log(V (r)) on log(r). 
Local Connected Dimension

155
The Local Connected Dimension [22] has been applied to binary images. As
156
shown in Section 4 we use an adapted version for grey-scale images. This consist
where α C is the slope of the linear regression of log(N (r)) on log(r). Following the mapping, a connectivity measure is computed for each point 204 p in the cloud by considering a cube C r p with side-length r centred at the point:
The connectivity measure M r,t p is given by the number of points inside C r p 206 and connected to p. Given that the concept of connectivity in three dimensions 207 is not so straightforward as in two, here a connectivity based on Euclidean 208 distances is employed. In this context, the set C r,t p of points connected to p is a 209 8 subset of points within C r p such that each element has at least one other point 210 at a distance smaller than t within the cube.
where D is the three-dimensional Euclidean distance.
212
An optimized algorithm to find the connected components maps the points 213 in the cube into a non-weighted graph G(V, E) such that:
and then searches for the connected component of G(V, E) that includes p.
216
The connectivity measure M r,t p is given by the size (number of vertices) of 217 the connected component C r,t p . Figure 1 illustrates the connected components in 218 two dimensions to facilitate visualization. Figure 1 In each iteration the border of the current window is highlighted in black. Inside 221 the current window all the points at a distance smaller than t are connected by 222 an edge. Such process generates a graph with multiple connected components.
223
The points taking part into the connected component that contains the centre 224 pixel p are painted red. The connectivity of p (for each r) is given by the number 225 of red points inside the respective window.
226
In a similar way to the analysis of binary images, to characterise the scaling 227 of local connectivity in grey-scales, a local Holder exponent can be computed
Given that the range of r cannot be made large enough to estimate the relation 230 with confidence, the limit loses part of its significance and the coarse (or coarse-231 grained) Holder exponent [23] arises as a more interesting measure. This is 232 given by:
. it appealing to summarize the information expressed by the local coarseness.
267
The total volume V (r) of the dilated cloud corresponds to the number of 268 points pertaining to the union of spheres B(p, r) centred at each point p ∈ C 269 with radius r: 
where δ is the unit response function (δ(x) = 1, if x = 0, and δ(x) = 0, The same test and results on the Vistex database are shown in Table 3 , for 379 UIUC in Table 6 .1 and for UMD in Table 6 .1. The graphs and tables below show the results obtained by the proposed 386 method as well as the performance of other approaches. Figure 4 shows the Table 6 shows the best classification results achieved for each method in Success rate (%) Table 7 shows the percentage of images correctly classified in Vistex database.
Number of decriptors
419
The reduced number of classes appears to benefit the performance of the meth- Table 8 and Figure 9 show the results for the classification of 435 UIUC database, following the same scheme adopted for the previous databases, Finally, Figure 10 , Table 9 and Figure 11 exhibit the results for the classi- in terms of the spatial distribution of such clustering measure. 477 We empirically identified that with regards to the local fractal measure of 478 natural images, the connectivity itself can also be characterised as self-similar (as 
